Objective: Many stroke survivors experience poststroke spasticity and the related inability to perform basic activities, which necessitates patient management and treatment, and exerts a considerable burden on the informal caregiver. The current study aims to estimate burden, productivity loss, and indirect costs for caregivers of stroke survivors with spasticity. Methods: Internet survey data were collected from 153 caregivers of stroke survivors with spasticity including caregiving time and difficulty (Oberst Caregiver Burden Scale), Work Productivity and Activity Impairment measures, and caregiver and patient characteristics. Fractional logit models examined predictors of work-related restriction, and work losses were monetized (2012 median US wages). Results: Mean Oberst Caregiver Burden Scale time and difficulty scores were 46.1 and 32.4, respectively. Employed caregivers (n=71) had overall work restriction (32%), absenteeism (9%), and presenteeism (27%). Caregiver characteristics, lack of nursing home coverage, and stroke survivors' disability predicted all work restriction outcomes. The mean total lost-productivity cost per employed caregiver was US$835 per month ($10,000 per year; 72% attributable to presenteeism). Conclusion: These findings demonstrate the substantial burden of caring for stroke survivors with spasticity illustrating the societal and economic impact of stroke that extends beyond the stroke survivor.
Introduction
Stroke is the fourth-leading cause of death and a leading cause of long-term disability in the US. 1, 2 Most stroke survivors need home care, which is usually provided by a family member, but the continuous, long-term commitments required of caregivers are often associated with psychological and financial burdens. [3] [4] [5] Nearly one-fifth (17%) of stroke survivors experience poststroke spasticity (PSS), a disorder of the sensorimotor system characterized by a velocity-dependent increase in muscle tone. 6 PSS frequently causes pain and interferes with hand and arm positioning, which affects grasping, self-care, and other activities of daily living of the stroke survivor. 7, 8 Spasticity-related stiffness and discomfort can interfere with physical activities such as ambulation, hygiene, and dressing in addition to psychological consequences on mood and self-esteem. 9 The inability of a stroke survivor with PSS to perform basic activities exerts a considerable burden on the informal caregiver, defined as someone close to the stroke survivor who is not hired to provide caregiving services. 7, 8 Significant humanistic burden such as depression and anxiety, among caregivers of PSS has been reported. Furthermore, informal caring for stroke survivors is associated with both humanistic costs including decrements in health-related quality of life and indirect economic costs such as restrictions in work productivity. While the humanistic burden has been well documented, the economic costs associated with providing care for PSS patients are not well documented. Therefore, the purpose of this study was to assess and quantify the economic burden of providing care for stroke survivors with PSS.
Methods study design
Participants were recruited from the 2008 US National Health and Wellness Survey (NHWS) and the Ailment Panel of Lightspeed Research (Warren, NJ, USA). NHWS is an annual, cross-sectional, self-administered Internet-based survey given to a sample of 75,000 adults (18 years of age) who are identified through Lightspeed Research's Internet panel. Members of the Internet panel are recruited through opt-in emails, coregistration with panel partners, e-newsletter campaigns, online banner placements, and both internal and external affiliate networks. A stratified random sample procedure was implemented for NHWS so that the final sample was representative of the demographic composition of the adult US population.
NHWS (2008) respondents who reported that they care for a stroke survivor (n=854) were invited via email to participate in this study. To increase sample size, members of the Lightspeed Research Internet panel who did not participate in NHWS were also contacted, and those who did report providing care to a stroke survivor were invited to participate in this study.
Caregivers were eligible to participate if they provided care for a friend or a family member with PSS who experienced spasticity of the upper or lower limbs for 6 months and received no payment (or reimbursement by a government agency or insurance) for providing care. All caregivers provided informed consent. The study was reviewed and approved by Essex Institutional Review Board (Lebanon, NJ).
Evaluations

Caregiver characteristics
Caregiver demographics and clinical characteristics obtained included sex, age, ethnicity, education, household income, employment status, relationship to stroke survivor, symptoms experienced in the past month (eg, headaches, nervousness or anxiety, stomach pain), and number of comorbidities. Caregiver health outcomes were assessed using the mental component summary (MCS) and physical component summary (PCS) and health utilities (SF-6D) scores derived from the Short Form-12, Version 2 (SF-12v2), 11 and the Patient Health Questionnaire-9. 12 stroke survivor characteristics Caregivers provided characteristics of the stroke survivors under their care, which included age, sex, race/ethnicity, employment status, insurance status, symptoms experienced (eg, abnormal posture, inability to sleep), and body areas affected by spasticity. Caregivers also rated the level of disability that stroke survivors experienced, using the Disability Assessment Scale (DAS). The DAS is a validated scale that consists of four domains -hygiene, pain, dressing, and impact of limb posture on daily living, each of which was rated on a Likert-type scale (0= no disability, 1= mild disability, 2= moderate disability, and 3= severe disability). 13 
Caregiver burden
The Oberst Caregiving Burden Scale (OCBS) 14, 15 and the Bakas Caregiving Outcomes Scale (BCOS) 16 were used to assess the burden of providing care. The OCBS is a 15-item instrument that rates caregiving tasks based on time spent (1= none, 5= a great amount) and difficulty of task (1= not difficult, 5= extremely difficult). The 15 items of each subscale are then summed (range, 15-75; higher scores indicate greater caregiver burden).
The BCOS is a 15-item instrument that measures life changes as a consequence of caregiving, with each item scored on a 7-point response scale (1= changed for the worst, 7= changed for the best). Scores are summed (range, 15-105; lower scores indicate greater caregiver burden).
Work productivity and activity limitation
Work productivity was assessed using the validated Work Productivity and Activity Impairment (WPAI) questionnaire, 17, 18 which was tailored to focus specifically on the impact of caregiving. The WPAI items were used to generate percentages (0%-100%) that quantify absenteeism (percentage of time missed from work), presenteeism (percentage of restriction while at work), overall work restriction (percentage of total restriction due to either absenteeism or presenteeism), and overall activity limitation (percentage of limitation in daily activities) due to caregiving responsibilities, with higher values indicating greater limitation. Only those currently employed (full-time, part-time, or selfemployed) were asked about work productivity, although all caregivers were asked about activity limitation. 
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Poststroke spasticity caregiver burden human capital method Costs due to lost productivity were calculated for each caregiver using the human capital method (HCM), according to how much a disease decreases an individual's ability to be productive (eg, as measured by rates of absenteeism and presenteeism and their related monetary costs based on lost wages). 19 In this study, the 2012 median weekly income figures were obtained for full-time (US$768 per week) and part-time workers ($233 per week) in the US from the Bureau of Labor Statistics, and for self-employed workers ($538 per week) from estimates published on the Internet by a private labor market research firm. 20, 21 For each respondent, an hourly rate was estimated by dividing the median weekly income by 40 hours (the typical work week) for full-time and selfemployed workers or 20 hours for part-time workers. Next, the number of hours missed in the last week because of one's health (absenteeism) and the number of hours missed in the last week because of health restriction while at work (presenteeism) were each multiplied by the hourly rates then multiplied by four (average number of work weeks in a month) to obtain monthly total lost wage estimates.
Indirect costs
In general, costs due to informal caregiving were considered indirect costs in this study. Total indirect costs were calculated by including costs associated with lost work productivity, personal travel time to visit the stroke survivor, and any out-of-pocket caregiving-related expenditures. Travel time costs were calculated using $23.90 per person-hour estimate for nonbusiness travel by surface mode of transport. 22 The sum of out-of-pocket expenses borne by caregivers for additional expenses such as medical care (eg, purchase of grab bars and/or shower chairs), adult day care/respite care, food delivery, caregiver support services, etc, was calculated. All cost estimates are reported in 2012 US dollars.
Statistical analyses
General caregiver and stroke survivor characteristics, levels of caregiver burden, work productivity, and activity limitation were calculated using standard descriptive statistics. DAS cut-off scores were used to create three categories of PSS disability: mild (total DAS score 4), moderate (score, 5-8), and severe (score, 9-12). The relationship between PSS disability scores and caregiver burden was explored using analysis of variance. Comparisons of qualityof-life scores against population norms were conducted with one-sample t-tests. P0.05 was used to indicate statistical significance across all analyses.
The marginal effects of various caregiver and patient characteristics on absenteeism, presenteeism, and overall work restriction were estimated using generalized linear models with a logit link function and binomial distribution family (commonly referred to as "fractional logit" models). These models are well suited to handle dependent variables that are bounded within the 0-1 interval (as seen for work productivity measures evaluated in this study) along with many observed zeroes and/or one. 23, 24 The model predicted absenteeism, presenteeism, and overall work restriction, which were computed at mean values of the explanatory variables.
Results
Caregiver characteristics
Of 1,754 caregivers invited, 524 (30%) responded and 153 (29%) were eligible to participate in the study. Among caregivers of stroke survivors with PSS (N=153), 71% were female, 78% were white, and the mean age was 51.6 years ( Table 1) .
Of the top five symptoms that caregivers experienced in the past month, 64% reported headache, 63% had sleep difficulties, 49% had anxiety/nervousness, 29% had lightheadedness, and 29% had stomach pain. Caregiving duties were reported as the cause for these aforementioned symptoms in approximately 46% of those who reported headache, 42% of those who reported sleep difficulties, 28% of those who reported anxiety/nervousness, 71% of those who reported lightheadedness, and 53% of those who reported stomach pain. High blood pressure was the most frequent diagnosis, occurring in 42% of caregivers; 41% had high cholesterol and 22% had depression. Caregiving duties were reported as the cause among approximately 31% of those who reported having high blood pressure, 10% of those who reported having high cholesterol, and 50% of those who reported having depression. MCS and PCS quality-of-life scores from the SF-12v2 were significantly below the US population norm of 50 (mean MCS =42.38, P0.01; mean PCS =47.74, P=0.01; Table 1 ).
stroke survivor characteristics
Of the 153 stroke survivors with spasticity, 57% were female, 87% were white, the mean age was 75.0 years, and 26% were reported as being disabled (Table 2) . Sixty-four percent of the stroke survivors had spasticity for 2 years in the upper and/or lower limbs, 81% experienced stiffness/limited range of motion, 68% had pain, 86% had limitations with locomotion, 71% had limitations in activities of daily living, and 69% had limitations with passive transfers. The mean total 
Caregiver burden
Caregivers in this study provided care to stroke survivors with PSS for a median of 5 years (interquartile range, 6.5 years). Caregivers who were employed spent an average of 27.4 hours (SD =29.4 hours) in a typical week providing care.
Caregivers not in the labor force spent more time (48.8±48.6 hours) providing care to stroke survivors. DAS scores were strongly correlated with the average number of hours spent providing care. The mean number of caregiver hours spent per week caring for PSS survivors with mild, moderate, and severe disability was 19.0, 38.0, and 49.0 hours, respectively (P0.05 for pairwise comparisons). The caregiver burden was greater for perceived time spent than for difficulty, according to mean OCBS time (46.1) and difficulty (32.4) subscale scores. At least onethird of caregivers reported having spent a moderate to a great deal of time (3-5 on the time subscale) assisting with nursing, personal care, walking, and transfer (eg, from bed to a chair) tasks. More than two-thirds spent a moderate to a great deal of time providing emotional support, monitoring the stroke survivor's progress, talking to health care professionals regarding the stroke survivor's condition and treatment plan, providing transportation, helping with additional tasks at home and outside the home, and managing the stroke survivor's finances and medical bills. Both the time and difficulty subscale scores increased significantly with poststroke survivor's disability level. The mean time subscale scores were 39.3, 45.3, and 49.3 and difficulty subscale scores were 25, 32.5, and 35.6 for mild, moderate, and severe disability, respectively (P0.05 for pairwise group comparisons). Additionally, caregiver burden as measured by mean BCOS score was 49.4 (SD =13.1).
Work productivity and activity limitation
Among employed caregivers (n=71), mean absenteeism was 9% (SD =15%) and presenteeism was 27% (SD =26%), leading to an overall caregiving-related work restriction of 32% (SD =29%). The mean number of work hours lost per week because of restricted productivity was 8.8 (SD =9.3) hours. The mean activity limitation caused by caregiving responsibilities for both employed and unemployed caregivers was 40% (SD =28%; Table 3 ).
Among caregiver characteristics, age and number of children 18 years of age significantly predicted absenteeism and overall work restriction. The income levels of caregivers significantly affected absenteeism (income $25,000, P=0.02; income $25,000-$49,999, P=0.041, versus those with income $75,000), but did not have a statistically significant effect on overall work restriction. Caregivers, working part-time or self-employed, reported higher productivity losses than those working full-time, although such effects were not statistically significant (Table 4) . 
Notes:
a Individual/family insurance plans are purchased directly by the stroke survivor or a family member; TrICAre is the health care program for uniformed service members (ie, active, guard/reserve, retired) and their families. Abbreviations: DAs, Disability Assessment scale (score range, 0-12); sD, standard deviation. OCBs is a 15-item instrument that rates different types of caregiving tasks on two dimensions: time spent (1= none, 5= a great amount) and difficulty of task (1= not difficult, 5= extremely difficult). Time and difficulty subscale scores are calculated by summing the 15 items of each subscale (range, 15-75; higher scores indicate greater caregiver burden).
b BCOs is a 15-item instrument that measures life changes as a consequence of caregiving, with each item scored on a 7-point response scale (1= changed for the worst, 7= changed for the best); scores are calculated by summing the 15 items (total score range, 15-105; lower scores indicate greater caregiver burden). c Only employed caregivers were able to provide data about absenteeism, presenteeism, and overall work restriction. All caregivers provided activity limitation data. To avoid confusion, WPAI variables are expressed in the form of proportions of work time missed (eg, 0.09=9% of the work week was missed due to caregiving responsibilities) as opposed to percent (the latter may cause one to believe that it is the percentage of caregivers experiencing absenteeism/ presenteeism, which is inaccurate). Abbreviations: BCOs, Bakas Caregiving Outcomes scale; OCBs, Oberst Caregiving Burden scale; WPAI, Work Productivity and Activity Impairment questionnaire; sD, standard deviation. The stroke survivor's disability level and lack of nursing home coverage had significant associations with the caregiver's work productivity. The predicted absenteeism, presenteeism, and overall work restriction at mean disability level (DAS score =7.0) were 15%, 30%, and 38%, respectively, which was significantly greater than the disability level at DAS score =6.0 (Figure 1) . Lack of nursing home coverage on the stroke survivor's health plan was associated with a 32% increase in the caregiver's work restriction (P0.001). Also, a lack of other caregivers within the family had a significant impact on work productivity with regards to absenteeism (a 10% increase in work hours lost as compared with having an additional family caregiver) but not for presenteeism or overall work restriction.
human capital method
Using the HCM to monetize these caregiving-related work productivity figures on a per-caregiver basis, lost productivity due to absenteeism was $269 (SD =$691) per month, due to presenteeism was $598 (SD =$670) per month, and total lost productivity was $835 (SD =$1,074) per month among working caregivers (Figure 2) . Annually, total lost productivity costs were $10,000 for each employed caregiver, presenteeism contributing to 72% of these costs.
Indirect costs
In addition to work-productivity costs, other significant indirect costs were incurred by the caregivers (eg, costs of travel for executing caregiving responsibilities, out-of-pocket expenditures for the stroke survivor's health care or rehabilitation costs). Forty-one percent of PSS caregivers reported that they travel at least once weekly to visit the stroke survivor. On average, PSS caregivers spent 2.5 hours (SD =10 hours) a week in travel to visit the stroke survivor, incurring $242 (SD =$922) per month for travel. Also PSS caregivers spent, on average, $231 (SD =$655) monthly for various caregiving-related expenses. In total, personal travel time and out-of-pocket expenditures resulted in opportunity costs of $5,669 per caregiver per year.
Discussion
Spasticity is a debilitating complication of stroke, leading to increased activity limitations and participation restrictions. 7 Very few studies have examined the impact of PSS on the caregiver, including burden and indirect costs associated with caregiving responsibilities. 7 These results document the high burden imparted by caregiving for stroke survivors with PSS. This study found that caregivers spent a great amount of time helping stroke survivors with PSS with medical care, 
Characteristics
Absenteeism Presenteeism Overall work restriction 
Marginal effects (SE) P-value Marginal effects (SE) P-value Marginal effects (SE) P-value
Caregiver characteristics
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Poststroke spasticity caregiver burden performing various physical tasks, and providing emotional support. Most tasks were perceived to be of mild-to-moderate difficulty by caregivers, although the amount of time spent performing these tasks was perceived as more burdensome.
The demographic characteristics of patients with PSS and their caregivers are not well characterized in the literature. To our knowledge, this is the first study to describe caregiver characteristics and quantify the economic burden of caregiving for patients with PSS. Therefore, the survey sample in this study cannot be compared with caregiver characteristics in the general PSS population. Both the NHWS Internet sample and the Lightspeed Research Internet panels, from which the study sample was derived, are representative of the US population. Based on the characteristics of stroke survivors (regardless of spasticity) reported in nationally representative US survey studies, it may be said that African-Americans could be underrepresented in our sample. 3, 25 The mean (SD) BCOS score in this study was 49.36 (12.84), which suggests greater burden for caregivers of stroke survivors with spasticity than the average burden reported in a study of 147 caregivers for stroke survivors who were 4 months poststroke with mild cognitive or language impairment, with or without spasticity (BCOS score, 58.4 [10.8] ), 16 and a study of 21 caregivers for patients with heart failure, with the majority of patients being New York Heart Association Class II and III suggesting moderate impairment (BCOS score, 54.9 [12.5] ). 26 However, direct comparison with these populations was not possible in the current analysis.
Caregivers experienced a high cost in productivity as measured by absenteeism, presenteeism, work productivity, and activity limitation. When monetized, the associated costs of total lost productivity were substantial, totaling $10,000/ year for each employed caregiver, with presenteeism contributing to 72% of these costs. Additionally, the number of work hours lost by PSS caregivers because of presenteeism was nearly four times that of the national average estimate (2.3 hours per week). 27 The impact of PSS disability on productivity loss was found to be linear over a total DAS score range of 0-8, beyond which productivity losses were inelastic with further increase in disability, potentially because stroke survivors with higher PSS disability are more likely to avail themselves of paid caregiving or nursing home services as compared with stroke survivors with mild-to-moderate disability.
The monetary costs associated with caregiver loss of productivity were estimated using the median national wage, which likely provides a conservative estimate since the average caregiver age in this study was 51.6 years, an age likely associated with higher income than the national average. By comparison, the indirect costs (calculated using the same method) in the 2006-2008 NHWS were $9,599 for patients with type 2 diabetes plus painful peripheral diabetic neuropathy and $7,544 for patients with type 2 diabetes without neuropathy. 28 Additionally, this study also suggests that opportunity costs due to caregiving tasks (eg, personal travel time, out-of-pocket expenditures) may be substantial ($5,669 per caregiver per year). In summary, the total indirect costs of PSS, which included caregiver burden, productivity losses, and opportunity costs, are considerable; therefore, the overall economic burden of PSS may be underestimated if indirect cost estimates are not considered.
This study also found that caregiver burden increased with the level of the stroke survivor's disability. Similar findings were reported in a post hoc analysis of an open-label study of burden among caregivers of patients with upper limb PSS, which found that caregiver burden, measured by the number of hours of caregiver assistance per week, was significantly associated with increased disability in the areas of hygiene and dressing. 8 Although this study lacks a direct comparison with stroke survivors without spasticity, an indirect comparison with the results for a general poststroke population observed in another study showed a moderate increase in the time component of OCBS among stroke survivors with spasticity. 15 This study has several limitations. First, the main focus of this study was productivity loss among employed caregivers, who constituted only 40% of the PSS caregiver population. Compared with employed caregivers, retired caregivers spent an average of 80% more time caregiving. This suggests that the overall burden may be even greater in this population, which has societal implications despite that the economic burden may be less compared to employed caregivers.
Another study limitation can be attributed to the way in which the survey questions were asked. For example, lost productivity figures were assumed to be attributed solely to caregiving responsibilities; however, respondents may have attributed some non-caregiving-related productivity loss to caregiving responsibilities, thus inflating the perceived burden. Also, this study relied on the HCM to evaluate indirect costs, which estimates potential rather than true costs of lost productivity. In other words, the HCM does not account for the replacement of workers due to long-term absence, since adjustments would be difficult to make without job-specific data (eg, average period of vacancy within a particular profession). Alternative approaches such as the friction costs method or Washington Panel Approach (WPA) are often used to account for these types of long-term changes in employment. 19 Although this study did not directly integrate productivity and quality-of-life measures (as compared to the WPA), both productivity (ie, WPAI) and quality-of-life (SF-12v2) measures provided parallel evidence of the burden associated with caregiving.
Finally, this is a descriptive study without a control arm; therefore, no comparison is made with caregivers of stroke survivors without PSS, which is a major limitation of this study. Although this study provides additional evidence for the burden associated with PSS, there are some studies that acknowledge that spasticity contributes to severe disability, including motor and activity limitations, however suggest that stroke with spasticity does not necessarily hold greater clinical relevance than stroke without spasticity. 29 Hence, more research on indirect costs due to PSS is warranted.
In summary, the results of this study highlight the substantial burden of PSS caregiving responsibilities. Easing the burden for these caregivers may have a considerable societal impact, from a humanistic and economic standpoint. Employed caregivers should be encouraged to consider Family Medical Leave Act provisions for unpaid leave, and seek professional help to bolster retirement savings and investments. Also, employers should be encouraged to offer well-designed and flexible work option plans that may improve the work productivity of employed caregivers of PSS survivors.
